Background: Rikuzentakata was one of the cities most devastated by the Great East Japan Earthquake on 11 March 2011. Many buildings were swept away or destroyed and affected families were placed into temporary housing. The aim of this study was to determine the impact of long-term temporary housing on the body mass index (BMI) of elementary school children living in Rikuzentakata City. Methods: A retrospective cohort study of was carried out of students attending 1st-3rd grade in 2010, and 4th-6th grade in 2013, in eight elementary schools in Rikuzentakata City. Height and weight were measured annually. We compared changes in BMI between children in temporary housing and those in permanent housing. Separately, parents of students attending one of the elementary schools were surveyed in 2013.
The Great East Japan Earthquake struck Japan on 11 March 2011, triggering a powerful tsunami. The Japanese National Police Agency reported 15 891 deaths and 2,584 people missing. Rikuzentakata City in Iwate Prefecture, population 23 000, was devastated by tsunami waves as high as 13 m (42.6 feet) high, which completely engulfed the first two floors of buildings and swept away an estimated 2,000 people. Given limited reconstruction, many citizens continue to live in temporary housing. The standard size of temporary housing is 29.7 m 2 (320 square feet), which is nearly one-third of the average permanent residence. 1 Children have been identified as a nutritionally vulnerable group during disasters. 2 Numerous reports have indicated that the prevalence of malnutrition in children was significantly elevated after natural disasters including earthquake, tsunami, flooding, and hurricane. [3] [4] [5] [6] [7] [8] [9] [10] Few reports have mentioned increasing prevalence of obesity after natural disasters. 11, 12 In Japan, all students are required to have their height and weight measured in school using standard methods at least once every year. At Rikuzentakata City, school physicians anecdotally reported increases in bodyweight in children living in temporary housing. Therefore, we hypothesized that obesity prevalence may have increased in children living in temporary housing after the disaster.
The purpose of this study was therefore to determine trends in prevalence of obesity in children living in temporary housing compared with those living in permanent housing after the 2011 Earthquake and Tsunami in Rikuzentakata City, and identify risk factors related to obesity.
Methods
We conducted two studies. The first was a retrospective cohort study of the trends in childhood obesity from 2010 through 2013 and to determine whether these differed between those in temporary and those in permanent housing. All 4th, 5th and 6th graders attending eight public elementary schools in Rikuzentakata City in 2013 were identified, and their annual height and weight measurements in April 2013, and in April of three previous years, 2012, 2011 and 2010, were obtained with permission from the Rikuzentakata City Board of Education. Of the 535 total students identified, analysis was limited to 526 students with complete data.
Obesity was defined as body mass index (BMI) ≥95th percentile. BMI percentiles and z-scores for age and sex were calculated using software created by the Japanese Society for Pediatric Endocrinology. 13 Prevalence of obesity and BMI z-scores were compared between students in temporary and permanent housing in 2013.
The second study was a cross-sectional study of students at one of the eight elementary schools in Rikuzentakata City in 2013. Questionnaires were distributed to students at school in November and December 2013. Parents who agreed to participate in the study completed the questionnaires, which consisted of questions about living conditions, diet, exercise and lifestyle. Of the 283 students in 1st-6th grade, surveys were collected from 263 (92.9%); information from 241 complete surveys (85.2%) was analyzed.
This research was approved by the Iwate Prefectural Ofunato Hospital Ethics Committee.
Statistical analysis
In the first study, we used random effects linear regression to adjust for intra-individual clustering across yearly BMI measurements in order to evaluate the trends in BMI according to housing. In the model, we used regression for BMI zscore by housing status, data year, and the interaction terms between housing status and each data year, along with covariates (elementary school year, sex, maternal or paternal death); the interaction term represents the effect of the difference in housing status on the change in BMI z-score in each year in contrast to the score in 2010, independent of overall yearly BMI z-scores trends and the effects of other covariates on BMI z-scores. To identify the differences between students in temporary and in permanent housing, we used analysis of covariance and calculated least square means, representing the average values adjusted for multiple covariates.
In the second study, multiple regression and logistic regression were used to explore factors associated with BMI and the risk of overweight. All analyses were performed using STATA version 12 (Stata, College Station, TX, USA) and SAS version 9.4 (SAS, Cary, CA, USA). All P-values were two tailed.
Results
Of the 526 children in the present study, 32% or 167 were living in temporary housing and 68% or 359 in permanent housing in 2013 (Table 1) . Nine percent of children in temporary housing and 6% in permanent housing experienced the death of either mother or father.
The prevalence of obesity (BMI ≥95th percentile) from 2010 to 2013 was 5.3% (7/132), 5.6% (8/144), 7.2% (12/166) and 7.8% (13/166), respectively, in the temporary housing group, and 7.6% (26/341), 7.5% (26/348), 7.3% (26/357) and 7.8% (28/358), respectively, in the permanent housing group (Fig. 1a) . The increase in the proportion of children who were obese from 2010 to 2013 was greater in the temporary housing group (47.1%) than in the permanent housing group (2.6%; OR, 1.43).
When BMI trends were compared between the temporary and permanent housing groups, after adjusting for overall average yearly changes, the temporary housing group was likely to have BMI z-score increase >0.102 points (P < 0.02) compared with the permanent housing group (Table 2 ; Fig. 1b ). There were no significant differences in BMI trends based on elementary school grade level, sex or death of parent.
Of the 241 students in one elementary school whose parents were surveyed, 38.6% (n = 93) were living in temporary housing and 61.4% (n = 148) in permanent housing in 2013 (Table 3) . Although there were no significant differences in the prevalence of obesity by housing status, sedentary activities (e.g. watching television, reading comic books or playing video games) were associated with BMI z-score (Table 4) . Children living in temporary housing had higher rate of change in diet (P < 0.001), shorter sleep time on weekdays (P = 0.01), and spent more time reading comic books (P = 0.001); children living in permanent housing spent more time watching television (P < 0.05; Table 5 ). The walking commute time for children living in temporary housing was 2 min shorter compared with before the disaster; for children living in permanent housing, it was 3.5 min longer (P = 0.01).
Discussion
In the present study of elementary school students in Rikuzentakata City, approximately one-third continued to live in temporary housing 2 years after the earthquake and tsunami. The dramatic increase in prevalence of obesity in the temporary housing group (from 5.6 to 7.2) began in 2012, approximately 1 year after the disaster, and continued in 2013. In Japan, the overall prevalence rates of overweight and obesity in children are 11.2-19.5% and 1.9-4.1%. 14, 15 The BMI z-scores for children in both temporary and permanent housing increased dramatically immediately after the disaster. We speculate that the distribution of high-calorie processed foods in evacuation centers and lack of space and places to exercise contributed to this increase. Subsequently, the BMI z-score for children in permanent housing decreased to lower than before the disaster, while the BMI z-score for children in temporary housing did not decline as much. Lifestyle differences after the disasters, including walking commute time to and from school, between the two groups of children may explain this result.
Potential factors associated with obesity are suggested by the second study, a survey of students attending one elementary school in Rikuzentakata City. While the subject group is smaller and the age group different (1st-6th grade in the second study compared with 4th-6th grade in the first study), elementary school students in temporary housing, compared with the permanent housing group, spent more time reading manga (comic books); and their average commute time Compared with students living in permanent housing, those in temporary housing were likely to have an increase in body mass index (BMI) z score by 0.102 (P = 0.014), between 2010 and 2013, even when controlled for yearly average increments in BMI z score, sex, and parental death. decreased from before the natural disaster. The fact that the prevalence of obesity did not vary between the two groups in 2013 is consistent with first study, in which the prevalence of obesity was significantly lower in students in temporary housing in 2010 but similar to those in permanent housing by 2013. Considering the situation of the disaster-affected area, the shortening of walking commute time is thought to be related to the locations of temporary housing; some were built on school grounds and others were built far from the schools, requiring commute by bus or automobile. In either situation, students would walk less to school.
Obesity in children is commonly attributed to increased caloric intake, decreased physical exertion, and genetic predisposition. [16] [17] [18] Decreased physical activity and increased television viewing are associated with increased risk of overweight in school-age children, 19, 20 although the present study noted more television viewing in the permanent housing group. Active commuting to school such as walking or bicycling is an important source of physical activity. 21 Some reported a positive association between active commuting to school and weight status. [21] [22] [23] [24] [25] [26] The present results also indicated decreased walking commute time in temporary housing. Finally, reduced sleep duration, identified in the temporary housing group compared with the permanent housing group, has been shown to be associated with increased risk of overweight and obesity. 27 Obesity, however, is a multifactorial phenomenon that requires more complex and dynamic analyses. The present study was limited in that no objective information was collected related to obesity such as nutritional intake and physical exercise. We also do not know about the children's emotional state, especially those who experienced loss. Survey data did indicate some differences in diet and snack consumption but no differences in sports club participation nor duration of exercise. The study was also limited in that in-depth information on individual students was not available for the first study, and change in bodyweight over time was not available in the second study.
Nevertheless, the present study has shown that the prevalence of obesity in elementary school students placed in temporary housing for a prolonged period of time after a natural disaster increased with time. Further investigation is necessary to determine specific causes of this trend in obesity and whether a return to permanent housing will reverse this trend. Critical in the next steps of study is an understanding of the development of obesity so that effective interventions can be planned at the time of early disaster response.
In conclusion, the prevalence of obesity and BMI z-scores in children relocated to temporary housing increased significantly compared with children who remained in their homes after the earthquake and tsunami in Rikuzentakata City in 2011. A more sedentary lifestyle, in part related to decreased walking commute time, may explain this trend. Although further study is needed to explore other factors that may be associated with weight gain, it is important for policy makers and healthcare providers to recognize potential consequences of long-term residence in temporary housing following disasters.
